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Abstract 

The most recent glacier inventory lists a total glacier area for Sweden of 314 square 
kilometers. The first glaciological observations were made in 1807, but no further studies 
were carried out until the end of the century. The modern center for the study of Swedish 
glaciers is the Glaciological Station in Kebnekaise, Lapland. At Storglaciären, in 
Kebnekaise, winter, summer, and net mass-balance measurements were begun in 
the longest continuous mass-balance series in the world. The first map of the Swedish 
glaciers was published in 1910, but it was not until good-quality topographic maps and aerial 
photographs were available in the 1960’s that it was possible to produce an accurate map of 
the shape and extent of Swedish glaciers. This map was published in 1973 as part of the 
“Atlas of Glaciers in Northern Scandinavia.” It  includes maps at  scales of 1:1,500,000, 
1:600,000, 1:500,000, and 1:250,000. However, a few of the Swedish glaciers, for example 
Kårsajökeln and Storglaciären, had been mapped previously at  larger scales. Satellite 
imagery has a very limited application for glaciological studies in Sweden because most of 
Sweden’s glaciers are too small for the spatial resolution of the MSS sensors. 
Repetitive aerial photographic coverage is available. 

Introduction 

Occurrence of Glaciers 

The total number of glaciers in Sweden has varied from one climatic 
epoch to another and from one glacier inventory to the next. Many 
glaciers are so small that a climatic warming, like the one experienced in 
the period between 1910 and 1940, could markedly reduce the area and 
volume of active glaciers t o  tiny patches of ice. All modern glacier 
inventories of Sweden have been based on aerial photographs, and it is 
often very difficult to distinguish between a small glacier and a large 
snow field, especially if the photographs happen to have been taken 
during a cold summer, when there is much residual snowpack. 

However, the more recent inventories should be better than previous 
ones, because more photographic material has become available and all 
deviations from previous glacier maps have been assessed carefully. The 
results of three complete glacier inventories (Schytt, 1959; Vilborg, 1962; 
and Østrem and others, 1973) are summarized in table 1. 

It was found during these inventories that the quality of the topo- 
graphic maps, the scale of the aerial photographs, and the availability of 
several years of photographic coverage were the most important factors 
in achieving an acceptable final result. Table 2 provides information on 
the areas of the 20 largest glaciers in Sweden. Their locations are shown 
on figure 1. 

1 Stockholm University, Department of Physical Geography, S-10691 Stockholm, Sweden. 
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Observation of Glaciers 

The Swedish high mountains are situated in a much more continental 
type of climate than most of the Norwegian mountains. Therefore, only a 
few massifs reach above the present-day glaciation level, and, when they 
do, the areas are too small to support any really large glaciers. There are 
nearly 30 glaciers in Norway, for example, that are larger than Sweden’s 
largest glacier, Stourrajekna. Norway’s largest glacier, Jostedalsbreen 
(487 km2), covers 50 percent more area than all the Swedish glaciers 
combined. Furthermore, the Swedish glaciers are all situated far from 
populated areas and did not attract people’s attention until the 1800’s. 

Although the first scientific glaciological observations were made by 
Wahlenberg in 1807 (Wahlenberg, 1808), no further studies were 

carried out until the end of the century, when Fredrik Svenonius, Jonas 
Axel Hamberg, Axel and Fredrik Enquist became 

interested in them. Together they published “Die Gletscher Schwedens 
im Jahre 1908” [“The Swedish Glaciers in the Year 1908”] for the 
International Geological Congress, which was held in Stockholm in 1910 
(Svenonius and others, 1910). Their publication is of great value, because 
it describes several glaciers before the great glacier retreat that started 
in about 1915. 

Another important contribution to historical study of Swedish glaciers 
was Fredrik Enquist’s terrestrial photogrammetric mapping of the 
Kebnekaise glaciers in 1910. For this purpose he took a set of 
quality terrestrial photographs on by 24-cm glass plates; these 
photographs show all glaciers and glacier termini in August 1910. Axel 
Hamberg began a comprehensive study of glaciers in the Sarek Moun- 
tains, especially of the glacier Mikkajekna (Mikkajökeln), in 1895 
berg, 1896), but the longest and most continuous study of the variation in 
termini of a glacier is that of the glacier Kårsajökeln (fig. l), which lies 
farther north (Ahlmann, 1929; Schytt, 1963). 

The modern center for the study of Swedish glaciers is the Tarfala 
Glaciological Station in Kebnekaise, Lapland (see fig. 5). The station is 
situated 70 km west of Kiruna, 30 km from the end of the road, at 1,130 
m elevation, about 400 m above the tree line. Two glaciers in the Tarfala 
Valley were surveyed in 1897 and several times between 1908 and 1920. 
In the spring of 1946, this author began a series of mass-balance studies 
of Storglaciären that are still going on (Schytt, 1981; Grudd and Jannson, 
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1986; Naturgeografiska Institutionen, 1987-90). Storglaciären is one of 
only a very few glaciers in the world in which all three balance terms are 
known-winter balance, summer balance, and net balance, for each year, 
starting in (fig. 2). Several other studies have been or are being 
carried out on Storglaciären: movement, debris content and transport, 
glacier drainage, crystallography, ice temperatures, and thickness, for 
example (figs. 3 and 4). 

To ensure that Storglaciären is reasonably representative of the 
glaciers in Lapland, 20 other glacier termini are also surveyed quite 
regularly, from Kårsajökeln in the north (at 68º22´N. lat) to Salajekna in 
the south (at 67°08´N. lat). Glacier recession was still taking place in 1981 
at  all Swedish glaciers, although at a slower rate than was the case during 
the 1940’s and 1950’s. 

Mapping of Glaciers 

In “Die Gletscher Schwedens im Jahre 1908,”Axel published 
a map of the Swedish glaciers (Svenonius and others, 1910),but it was the 
areal distribution rather than the characteristics of the individual glaciers 
that was of prime importance to him. At that time it was next to  
impossible to make a good glacier map, because the National Land 
Survey maps of the Lappish mountains were all compiled around 1890 
and were published at  a scale of 1:200,000. There were no railroads at  the 
time, and hardly any roads led to the mountains, so it is remarkable that 
the cartographers managed to make a map that had all major features in 
the right place. It is not surprising that many glaciers were not shown 
and that many snow fields were mapped as glaciers. Anyone who knows 
what the field conditions were like in the 1880’sand 1890’s can appreciate 
the difficulties in preparing an accurate topographic map. 

The next attempt to map the glaciers was made by Fredrik Enquist in 
1918when he made a study of the height of the glaciation level (Enquist, 

Figure 2.-Winter, summer, and net mass-
balance measurements of Storglaciären, 
Kebnekaise, Lapland, Sweden, for the 
period through Summer 
balance and net balance both show a peri-
odic variation of 12 years. Solid lines indicate 
a moving 3-year average for winter balance 
(top), net balance (middle), and summer 
balance (bottom). The net balance figures 
indicate glacier recession has been taking 
place since 1945, but the rate in recent years 
is slower than in the and 
(modified from fig. 2 in Schyft, 1981, p. 220). 
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Figure Terrestrial photographs of the ter-
minus of Storglaciären taken 52 years apart. 
These two photographs of Storglaciären 
were taken from the same vantage point, but 
52 years separate them in time. When the 
upper photograph (A) was taken in August 
1910 by Fredrik Enquist, the glacier reached 
all the way down into the valley, and one part 
extended all the way up the other side. The 
summer 1962 photograph (B) by Valter 
Schytt shows a markedly thinned glacier that 
ends high up on the mountainside a long way 
from its “days of glory,” as shown by the 
huge terminal and lateral moraines (from 
Schytt, 1963). 

1918). However, his map shows all glacierized mountainous areas in 
Sweden but not the individual glaciers themselves. 

The poor-quality topographic maps available made good glacier inven- 
tories more or less impossible. A few glaciers were mapped quite well 
during the early half of the century (Kårsajökeln in 1925 and 1943; 
Storglaciären in 1910, 1922, and 1949), but the topographic maps could 
not be adjusted to accept this detailed information. 

In 1958, however, the entire mountainous part of western Sweden was 
photographed at a scale of 1:65,000 by the Swedish Air Force at the 
request of the National Land Survey. These aerial photographs were 
used for the preparation of the first modern glacier inventory of Sweden 
by this author. Schytt’s map in Geografiska Annaler (Schytt, 1959) was 
the first detailed compilation. However, his map, as well as Vilborg‘s 
improved version in 1962, was based on the older topographic map sheets 
and could not possibly attain a very high degree of accuracy. 

A great step forward was taken in 1973, when the “Atlas over breer i 
Nord-Skandinavia” [“Atlas of Glaciers in Northern Scandinavia”] was 
published by Østrem and others (1973). Melander, who was responsible 
for the Swedish part of this comprehensive inventory, used a completely 
new set of 1:100,000-scale photogrammetric maps of very good quality, 
with most of the glaciers already well portrayed. The photographic 
coverage was also far better, both in terms of higher quality and larger 
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scale, than that which was available to the author in the late 1950’s. 
Schytt’s map (1959) was published at  a scale of 1:600,000, and the glacier 
atlas contains maps with scales of 1:1,500,000, 1:600,000, 1:500,000, and 
1:250,000. The glacier atlas and the ordinary topographic maps together 
give a very good record of the shape and extent of Swedish glaciers 
during the 1960’s. 

Besides the small-scale maps of the regional glacier inventory, a few of 
the Swedish glaciers have also been mapped at larger scales for scientific 
purposes. Kårsajökeln, for example, was mapped by Hans Ahlmann in 
1926 (Ahlmann, 1929); by this author, based on 1943 aerial photographs 
(Wallén, 1948); and by the Durham University Exploration Society in 
1961 (Schytt, 1963). Storglaciären was mapped by terrestrial photogram-
metry from photographs acquired in 1910 (fig. 3A) and 1949, by aerial 
photogrammetry from photographs acquired in 1959, 1969 (fig. 5), 
and 1980, and by radio-echosounding methods in 1979 (Björnsson, 1981) 
(fig. 4). 
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Aerial Photography 

Much has already been mentioned above about the aerial photographic 
coverage of Swedish glaciers. The earliest aerial photographs used in 
glaciological research were made to satisfy military mapping require-
ments during World War 11. They were exposed on 18-cm roll film (with 
a frame of 18 cm by 18 cm) with a 10-cm lens from 3,000 m elevation. 
Because they were acquired in 1943, they have great historical value, 
particularly for the studies of Kårsajökeln. In 1958, the Swedish Air 
Force photographed all Swedish mountains by vertical aerial photogra-
phy at  a scale of 1:65,000. 

Since 1960, the aerial photographic archives of Sweden's glaciers have 
expanded rapidly. Aerial photographs at  a scale of 1:30,000 are now 
available for nearly all the glaciers, and many special aerial surveys of 
selected glaciers have also been made. Most aerial photographs are 
black-and-white, but several glaciers have now been photographed with 
false color-infrared film. Special photographic missions can be flown by 
National Land Survey aircraft at  reasonable cost, so the availability of 
aerial photographs for special studies is no longer much of a problem. 

Satellite Imagery 

The Landsat multispectral scanner (MSS) images of Sweden's glaciers 
(figs. 6 and and table 3) cannot compete with the aerial photographs, 
because most of Sweden's glaciers are too small for the pixel resolution 

m) of the MSS. To prepare new glacier inventories by using Landsat 
MSS images is not practical because of the low spatial resolution and lack 
of information content when compared with large-scale vertical aerial 
photographs (compare fig. with figs. 8,9, and 10). The same is true for 
studies of accumulation, ablation, drainage, morainic features, and so on. 
No glaciologic or glacial geologic features cover an area large enough to 
be properly imaged in the Landsat images. 
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Figure 5.-A portion of the map of the 
Valley area and part of the Kebnekaise mas-
sif area, Sweden, compiled by stereophoto-
grammetric methods from the 14 September 
1969 vertical aerial photographs (Schytt, 
1973). Storglaciären is the largest (3.06 km2) 
of the glaciers originally mapped at a scale of 
1:l0,000. 
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Figure 6.-Optimum 1, 2, and 3 images of the glaciers of Sweden. The 
vertical lines represent paths. The rows (horizontal lines) have been 
established to indicate the latitude at which the imagery has been acquired. 
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TABLE 3. -Optimum Landsat 1 ,  2, and 3 images of the glaciers of Sweden 
[See  fig. 6 for explanation of symbols used in the "Code" column] 

SolarNominal scene Landsat elevation Cloud 
Path-Row center Date angle Code cover Remarks 

(lat-long) number (in degrees) (in percent) 

067°59'N. 1367-09545 25 Jul 73 40 50 
020°03 'E. 

212-13 066°40'N. 19 Sep 76 0 Sarek; archived by ESA1; not 
018°25'E. physically examined 

213-12 067°59'N. 1350-10005 08 Jul73 43 10 Kebnekaise, Storglaciären, 
018°37'E. Kårsajökeln; image used for 

figure 6 

213-13 066°40'N. 19 Aug 77 0 Archived by ESA; not 
016°59'E. physically examined 

213-14 065°'20'N. 1422-10003 18 Sep 73 25 10 
015°30'E. 

213-16 062°38'N. 1422-10012 18 Sep 73 28 0 Sylarne
012°56'E. 

214-12 067°59'N. 22075-09543 27 Sep 80 19 20 Archived by ESA 
017°11'E. 

214-12 067°59'N. 03 Aug 82 38 0 Partial scene (75%) includes 
017°11'E. eastern glacier areas; 

archived by ESA 

214-13 066°40'N. 15 Aug 78 35 20 Archived by ESA 
015°33'E. 

214-13 066°40'N. 03 Aug 82 39 0 Partial scene (75%) includes 
015°33'E. eastern glacier areas; 

archived by ESA 

065°20'N. 20 Aug 77 0 Archived by ESA; not 
014°04'E. physically examined 

062°38' N. 16 Aug 76 0 Archived by ESA; not 
011°30'E. physically examined 

215-12 067°59'N. 30893-09503- 14 Aug 80 35 10-70 Landsat 3 RBV 
015°45'E. ABCD 

215-12 067°59'N. 31613-10041 04 Aug 82 38 0 Partial scene, includes all 
015°45'E. glacier areas; archived by 

ESA 

066°40'N. 2186-10005 27 Jul75 41 0 Salajekna
014°06'E. 

215-14 065°20'N. 2186-10012 27 Jul75 42 0 
012°38'E. 

1ESA is the abbreviation for the European Space Agency. 
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Figure 7.-Annotated 1 :500,000-scale en-
largement of a image (1350-10005; 
band 7; 8 July 1973: Path 213, Row 12) of the 
Storglaciären and other glaciers in the Keb-
nekaise massif area. The area of figure 8 is 
outlined. Four of the 20 largest glaciers of 
Sweden listed in table 2 and located in figure 
1 are in the Kebnekaise area. 
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Figure 8.-Vertical aerial photograph of the 
Kebnekaise massif and its glaciers on 29 
August 1972. The survey aircraft flew at an 
altitude of 6,000 m above sea level. The 
camera focal length was 4.4 cm. The approx-
imate scale of the photograph at Storglaciä-
ren is 1:150,000. The area of figure 9 is 
outlined; see also figure 7. Photograph no. 
92-256-1 1-15, courtesy of the Swedish Air 
Force. 

Figure 9.-Part of a vertical aerial photograph of the central part of 
Kebnekaise massif on 29 July 1980, with Storglaciären in the lower part of the 
photograph. The area of figure 10is outlined. Approximate scale is 1:40,000. See 
also figures 7, 8, and for the comparison in glaciological information available 
with the larger scale aerial photographs and the satellite image. Photograph No. 

1-04 (SV 298) courtesy of the Swedish National Land Survey (Lantmä-
teriverket). 

Figure Vertical aerial photograph of the 
terminus of Storglaciären on 22 August 1968. 
Approximate scale is 1:8,000. Photograph 
No. OY8-764-6-2, courtesy of the Swedish 
Air Force. 
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Conclusions 

The need for a good glacier map of Sweden was satisfied when the 
“Atlas of Glaciers in Northern Scandinavia” was published (Østrem and 
others, 1973). Besides containing a suite of glacier maps at scales of 
1:1,500,000, 1:600,000, 1:500,000, and 1:250,000, this atlas also contains a 
wealth of information on each glacier, such as length, area, elevation, 
morainal features, glacier lakes, and glacier orientation. Over the Earth’s 
large ice sheets, satellite images can do what no aerial photographic 
survey can do. In Arctic regions or remote mountains, satellite images 
can also be extremely valuable in the study of ice fields and ice caps. For 
small glaciers, especially those readily accessible to glaciologists in highly 
developed countries, MSS images have only limited value mainly 
due to  spatial resolution limitations. Also, small glaciers in developed 
countries are often photographed at regular intervals during the course 
of regional aerial photogrammetric or thematic mapping surveys. Stereo- 
pairs of large-scale vertical aerial photographs are the best source 
material for the study of these smaller glaciers. Even in the future, when 
higher resolution (1:50,000-scale, 8-m spatial resolution) stereopairs of 
satellite photographs become available (for example, Large Format 
Camera photographs), it seems likely that larger scale vertical aerial 
photographs of the smaller glaciers will still be more useful than satellite 
photographs. 
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